The characteristics and conditions of the ignition of coal-water fuel droplets (WCF) in a surface coating with a thin layer of water last film have been determined experimentally. A significant impact on the dynamics of the water layer of the thermal preparation and ignition of the fuel particles has been established. It has been shown that the time of evaporation of water of the surface layer can take up to 50% of all of the induction period. The latter indicates the need to consider the existence of the surface of the film during the process modeling of ignition of coal-water particles.
Introduction
At present, renewable energy sources have been widely used such as wind power stations [1] or solar photovoltaic cells [2] . However, the application of such technologies is very limited due to the need to ensure long-term power plant power source (sunlight or constant wind). The latter is feasible only in certain and not large (square) areas of the world [3] . It is also worth noting that the efficiency of power generation (thermal or electric) renewable energy at the moment of time is low (<30%) [4] . Therefore, we can say with confidence that in the near future (according to forecasts [8] ), coal will remain the main energy resources. However, traditional methods of burning coal (e.g., a torch [5] or layers [6] ) do not provide satisfactory indicators emissions of oxides of nitrogen and sulfur. Recent ones stimulate the creation and implementation of new (ecological and energy perspective), the so-called "clean" coal technologies. [7] Developed technical solutions (using a low-temperature plasma [8] , the microwave energy [9] , and the circulating fluidized bed [10] ) that reduce emissions of toxic substances have not found wide implementation in the overall balance of heat and power generation, due to the high cost and complexity of the equipment. One of the most promising areas -the creation and implementation of new, environmentally "clean" fuel compositions such as hydrocarbon fuel. WCF is a homogeneous structure composed of finely dispersed coal and water with the addition of various additives and plasticizers. It should be noted that the mathematical and physical description of the complex basic physical and chemical processes of heat and mass transfer thermal preparation and ignition occurring in the intensive (high-speed and high-) heating is an actual (unresolved to date) task.
Current models [11] [12] [13] [14] [15] [16] [17] [18] [19] of ignition and combustion of coal-water fuel droplets are not considered from the point of view the possibility of the formation of particles WCF whose surface is covered with a water film. As the experiments [20] have shown, the probability of such a configuration is very high (P ≥ 50%). It's safe to say that the ignition of such particles will be significantly different from the ignition of the same WCF drops without water film. Obviously, the high endothermic effect of evaporation and heat capacity of water will create a kind of energy "barrier", inhibiting the ignition of fuel. In connection with it, the analysis of the effect of water film on the ignition characteristics and conditions has high interest.
Experimental studies of ignition and burning WCF particles whose surface is covered with a water film is very complex due to the need for placement of funds in high-speed video fixation conditions the combustion chamber of the boiler unit. Therefore, there are no publications most likely at the moment in the scientific literature with the results of studies of the effect of the film of water on the conditions of ignition and burning WCF.
The purpose -experimental study of physical and chemical processes of heat and mass transfer occurring during thermal preparation and ignition WCF particles coated with a thin layer of water. Figure 1 . Schematic experimental setup: 1 -electric; 2-supercharger; 3 -a hollow cylinder; 4 -chromel-alumel thermocouple; 5 -fuel particles; 6 -needle thermocouple; 7 -the computer; 8 -pointing device; 9 -high speed video camera; 10 -analytical balance; 11 -flexible discharge pipeline; 12 -box ventilation system; 13 -remote control ventilation; 14 -multi-channel temperature logger (MRL); 15 -remote control heatinginjection system.
The methods of the experiment
The stand has been used ( Fig. 1.) , wherein there is a flow of heated in the electric heater (1) to a high temperature (600 ÷ 900 K) of the air supplied to the hollow cylinder (3) made of transparent quartz glass. The temperature of oxidant has been controlled by chromel-alumel thermocouple (4) (measurement error not less than 0,01K). A particle of coal-water fuel (5) hanging on the needle thermocouple (6), has been placed on the cylinder axis, remote-controlled from the computer (7) coordinate device (8) . Video recording of processes of thermal preparation, ignition and combustion of coal-water fuel particles has been carried a video camera high-speed (9) .
The experimental studies have been carried out for the composition of WCF -based coal grade "D" (Kuznetsk coal basin). The systematic error in the determination of basic parameters measured (ambient temperature (T e ) and ignition delay time t i ) does not exceed 5%. The confidence interval for t i at a confidence level of 0.95 does not exceed 18%. Fig. 2 shows typical frames of video gram of thermal processes of preparation and ignition of the particles (diameter d≈3.0•10 -3 m) coal-water fuel from coal grade "D" in the high-temperature environment (T e ≈873K). We can say that in the process of particle ignition WCF is a series of interconnected characteristic stages, with the prevalence in each separate process (inert heating, evaporation of the water film, "dewatering" of the base layer of fuel, thermal decomposition of the organic part, output and combustion of volatile, ignition and the burning of coke).
Results experimental research
The analysis of typical frame video recordings show that the evaporation of the water film has a significant impact on the process of preparation and thermal ignition particles WCF. The total duration (t c ) of the process of combustion has been about 39 seconds at d≈3•10 -3 m and the ambient temperature (T e ≈873K). When in contact with the particles in the WCF inside the hollow cylinder (frame "a"), it is a "tight" coal-water slurry surface is coated with a film of water. With a large increase in the frame "a" you will notice the transparent areas. The analysis frames "b-d" shows that during the thermal treatment of the particle shape WCF undergoes intense changes in picture "d"(at high magnification) can be seen even a weight of fuel ash. This is due to the boiling of water near the surface of the film. After evaporating the film, water coal agglomerate of "wrong" form is formed (frame "e"). In the conditions of high heat a final water evaporation undergoes (frame "f") and thermal decomposition of the organic portion of the fuel. Further heating initiates inflammation particles (frame "g").
Fig . 3 shows the dependence of the delay time of ignition particles WCF water film evaporation and the ambient temperature. The particle diameter ranged 1,5•10 -3 <d<2,5•10 -3 m. The dependency analysis shows that the temperature of the environment greatly accelerates the ignition of coal-water particles. You can also say that the evaporation of the water film has a significant impact on the dynamics of thermal preparation and ignition of coal-water fuel particles. Since the evaporation time of the water layer is 20 to 30% of the total induction period. Accordingly, it is safe to say that the evaporation of the film is an integral part of the thermal preparation of fuel. 
Conclusion
The temporal characteristics of the processes of preparation and thermal coal-water fuel ignition particles coated with a water film have been established by the results of the experimental studies. The analysis of dependencies t i (T e ) and t i (V) has showed that the evaporation of the surface layer of water has a significant impact on the dynamics of the processes of heat and mass transfer in the ignition droplet WCF. The time of film evaporation takes between 20% to 50% of the induction period. On the basis of experimental studies it is possible to develop a mathematical model describing the complex thermal and thermochemical processes of heat and mass transfer in the induction period and the ignition of particles of complex structured and essentially inhomogeneous fuels like WCF. 15-19-10003) .
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